SUMMARY
Serotypes and antibiotic resistance of 51 Verotoxigenic (VTEC) and 33 Necrotizing (NTEC) bovine Escheriehia coli strains were determined and compared with those shown by 205 non-VTEC non-NTEC strains isolated from the same batch of calves. E. coli untypable for O-antigen represented 47% of the VTEC, 12% of the NTEC and 8.8% of the non-VTEC non-NTEC. Typable VTEC belonged to serotypes 02 : K?, 0103 : K-, 0104 : K?, 0128 : K?, 0153 : K-and 0157 : K-: H7, whereas typable NTEC were of serotypes 08 : K87, 015 : K14, 015 : K-, 054 : K?, 076 : K-, 078 : K(80), 088 : K?, 0123 : K-, 0139: K-and 0153 : K-. Non-VTEC non-NTEC showed a wide variety of serotypes which were generally unrelated to those found in VTEC and NTEC. VTEC were resistant to antibiotics at higher rates than NTEC and non-VTEC non-NTEC, and showed also the highest multidrug-resistant pattern. Our results show that bovine VTEC strains belonged to O-groups usu-
INTRODUCTION
The E. coli toxin named Verotoxin (VT) because of its cytotoxic activity on Vero cells, was initially detected in classic human enteropathogenic E. coli (EPEC) strains isolated from infantile diarrhoea [1] . Two types of VT (VT1 and VT2) have been described VT1 is structurally and immunologically related to Shiga toxin synthesized by Shigella dysenteriae type 1, and is enterotoxic, causing fluid accumulation in rabbit intestinal loops [2, 3] . VT2 is enterotoxic and is immunologically related to VT1 but not to Shiga toxin [2] . After the discovery of verotoxigenic E. coli (VTEC), they were isolated from human diarrhoea, haemorrhagic colitis and haemolytic uraemic syndrome [4, 5] , as well as from the faeces of calves [6, 7] . A verotoxin partially related immunologically to VT2 is also produced by porcine E. coli strains belonging to enteropathogenic serotypes associated with oedema disease of swine [8, 9] . At present, human VTEC belonging to at least 29 different serogroups have been described, although the most relevant are groups 026, 0128 and 0157 [4, 5, 10] . 0157 E. coli, whether H7 or H-, is the pathogen most frequently isolated from haemolytic uraemic syndrome, and together with VTEC strains of serotypes 026:Hll, H21 or H-, 0111 : K58 : H8 or H-and 0128ab : H2, H8, H25 or H-, is also closely associated with human diarrhoea and haemorrhagic colitis [4, 11, 12] .
Bovine VTEC strains belonging to at least 13 different O-groups, including some of those reported in human VTEC such as 04, 05, 026, 055, 0111, 0153 and 0157, have been found [4, 6, 13] . VTEC strains of serotype 0157:H7 were isolated from calves with diarrhoea [14] , from fresh meats [15] and from unpasteurized milk [16] . Consequently, the present knowledge on VTEC strains supports a role of cattle as a reservoir of E. coli strains pathogenic for humans.
Necrotizing E. coli (NTEC) strains, producing cytotoxic necrotizing factor (CNF), have been also isolated from human [17] , bovine [18] and porcine [8] diarrhoea, and from human urinary tract infections [19] , but their involvement in pathogenicity needs additional investigation.
The distribution of serotypes in bovine E. coli strains is largely unknown because the majority of studies on calf diarrhoea have been directed towards the simple detection of the classic bovine enteropathogenic E. coli (08 : K25, 09 : K35, 0101 : K30 ...) producing heat-stable enterotoxin (STa) and K99 antigen. In this study we present the distribution of serotypes and antibiotic resistance patterns in 289E. coli strains isolated from calves with diarrhoea [7] .
MATERIALS AND METHODS

Bacterial strains
A total of 289 E. coli strains isolated from 78 diarrhoeic calves in Galicia (North-western Spain) were studied. Strains were previously tested for the production of LT, and STa enterotoxins, VT cytotoxin, cytotoxic necrotizing factor (CNF) and K99 antigen [7] . Of the 289 strains, 51 isolated from 16 calves were VTEC and 33 isolated from 14 calves were necrotizing E. coli (NTEC). None of the strains synthesized LT and only a single strain produced STa and K99.
Serotyping
This was carried out by Guinre and Jansen as previously described [20] employing all available O-antisera (01-0167) and specific OK-antisera against the K antigens usually associated with each determined O antigen. Flagellar H antigen was only determined in strains belonging to 0157 group.
Resistance to antimicrobials
Antibiotic susceptibility tests for six antibiotics were carried out by a disk-diffusion technique [21] with Difco disks containing the following amounts of antibiotic: gentamicin, 10 gg; ampicillin, 10 gg; kanamycin, 30 gg; chloramphenicol, 30 gg; streptomycin, 10 #g and tetracycline, 30/~g.
RESULTS
Serotypes found in 242 E. coli strains whose O antigens were estabhshed are listed in Table 1 . Those strains belonged to 65 serogroups and 75 different O:K serotypes. Untypable strains were found among VTEC (24 isolated from 7 calves), NTEC (4 isolated from 2 calves) and non-VTEC non-NTEC (18 isolated from 13 calves). Serotypes determined in VTEC strains were generally different from those determined in NTEC and non-VTEC non-NTEC strains. VTEC strains belonged to 6 different O : K serotypes, the most frequent of which was 0128:K? determined in 11 (21.6%) strains isolated from 4 (25%) calves. Serotype 0128 : K? was also found in a single strain (0.4%) of the 238 non-VTEC strains studied. Serotypes 02 : K? and 0157 : K-: H7 were found in VTEC strains only, and not in the remaining 238 non-VTEC strains. NTEC strains belonged to 10 different O : K serotypes, the most frequent of which was 0123:K-determined in 12 (36.4%) strains P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.02 P > 0.05 P < 0.02 P > 0.05 P < 0.02 a Statistical analyses of differences in antibiotic resistance between VTEC and NTEC, and between VTEC and non-VTEC non-NTEC strains by the chi-square corrected test. P < 0.05 indicates significant differences. b Number of strains resistant to at least one antibiotic. c Resistances per strain. d Resistances per resistant strain. isolated from 4 (28.6%) calves. Serotypes 015 : K14, 015:K-, 076:K-, 078:K(80), 0123:K-and 0139:K-were found in NTEC strains only. Serotype 0153: K-was the only one determined both in VTEC strains (4 isolated from a single calf) and in NTEC strains (one strain) as well as in non-NTEC strains (14 isolated from 5 calves). VTEC strains were significantly more resistant to ampicillin, kanamycin and chloramphenicol than NTEC strains, and significantly more resistant to ampicillin, kanamycin, chloramphenicol, and streptomycin than non-VTEC non-NTEC strains (Table 2) . Furthermore, VTEC strains showed the highest rate of multidrug resistance, with an average of 3.9 resistances per resistant strain, whereas NTEC strains and non-VTEC non-NTEC strains showed rates of 2.2 and 2.8 resistances per resistant strain respectively. Multidrug resistance patterns are indicated in Table 3 . Twenty-one (41.2%) VTEC strains were resistant to five of the six antibiotics tested. No strain resistant to gentamicin was detected.
DISCUSSION
After the isolation of VTEC strains belonging to identical serotypes from bovine, porcine and human intestinal and extraintestinal infections, a consistent theory on the possible role of cattle as a reservoir of E. coli strains pathogenic for humans has been suggested [13, 14, 16] . Our results on serotyping of bovine VTEC strains support this hypothesis, because of the six different O groups determined (Table 1) , at least five (0103, 0104, 0128, 0153 and 0157) have been previously reported in VTEC strains isolated from human sporadic diarrhoea (0103, 0128 and 0157) [4, 11, 22] , haemorrhagic colitis (0128 and 0157) [4, 5] and haemolytic uraemic syndrome (0104, 0128, 0153 and 0157) [4, 10, 12] . Some of those O groups (e.g. 0153 and 0157) have been also previously reported in VTEC strains isolated from calves [6, 14] . VTEC strains of serotype 0157:H7, in addition to their relevance as the most important pathogen causing human haemolytic uraemic syndrome [4, 5, 12, 23] were also isolated from fresh meats, poultry and unpasteurized milk [15, 16] . Furthermore, in one of these studies [16] it was possible to establish the epidemiological relation between the consumption of unpasteurized milk contaminated by a VTEC strain of serotype 0157:H7 and the consequent development of diarrhoea and haemolytic uraemic syndrome in children. Serogroup 0128, which was by us one of the most frequently found in bovine VTEC, has been described also as one of the most common groups, together with 026 and 0157, in VTEC strains isolated from human diarrhoea, haemorrhagic colitis and occasionally from haemolytic uraemic syndrome [1, 4, 11] .
Our results also confirm present knowledge of serotypes of bovine and human VTEC strains, compared with those shown by porcine VTEC associated with oedema disease of swine [6, 8, 9] . Thus, no bovine VTEC strain belonging to serotypes previously found in porcine VTEC (0138 : K81, 0139 : K82 and 0141 : K85) was detected.
The 29 typable bovine NTEC strains belonged to 10 different serotypes (Table 1) . NTEC strains of serogroup 015 were previously isolated from infantile diarrhoea [17] and NTEC strains of 08 and 088 serogroups from bovine diarrhoea [18] . Except the serogroups 08, 015 and 088, the remaining O-groups found by us in bovine NTEC have not previously been reported in such strains. Culture supernatants from E. coli strains of serogroups 08 and 088 isolated from the faeces of pigs have been shown to produce a morphological transformation of Vero cells similar to that produced by cytotoxic necrotizing factor (CNF) [24] . We have previously reported the frequent production of CNF by human uropathogenic E. coli [19] and by non-enterotoxigenic and non-enteropathogenic E. coli strains Of human origin belonging to certain haemagglutination patterns [25] . At present we know that all those uropathogenic NTEC strains previously reported (unpublished results) and the majority of human faecal NTEC strains [25] , belonged to serogroups commonly determined in E. coli strains associated with extraintestinal infections (02, 04, 06, 07, 08, 018, 075 ...). Of these serogroups, only 08 was found among the bovine NTEC strains investigated in 35 this study. Although we have previously shown that the production of CNF is a virulence-associated property, conferring lethal activity for adult mice to the cell-free sonicates of NTEC strains [19] , the role of this new toxic product in human and animal infections remains unknown. We have recently found that some NTEC strains can be isolated from the faeces of non-diarrhoeic calves (unpublished results), and consequently, the association of NTEC strains with human and animal diarrhoea must be carefully investigated.
A high percentage (81%) of the bovine E. coli strains investigated were resistant to at least one of the six antibiotics tested (see Table 2 ). Percentages of strains resistant to individual antibiotics (Table 2) were broadly similar to those obtained in other studies on bovine E. coli [26, 27] . We have previously reported the existence of a high percentage (60%) of enterotoxigenic E. coli strains resistant to gentatmcin in Galician pig farms [28] . In this study we have not found such strains. Multiple drug resi.stance was higher in VTEC than in NTEC and in non-VTEC non-NTEC strains. Thus 41.2% of VTEC strains were resistant to five antibiotics. The prevalence of multidrug resistant bovine VTEC strains, which in view of their serotypes constitute a group of potential pathogenic strains for humans, must be taken into consideration when antibiotics are administered to farm animals.
